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Abstract
Data on the presence of Legionellae outside the aquatic environ-
ment are scarce. Alternative ecosystems that could act as a res-
ervoir for Legionella spp. have been investigated to identify
unconventional contaminated substrates that are able to pro-
duce bioaerosols. We considered eight green waste collection
sites including three composting facilities. Legionella pneumophila
sg 1–15, Legionella bozemanii, Legionella cincinnatiensis, Legionella
jamestowniensis, Legionella micdadei and L. oakridgensis were iso-
lated from samples taken at six of the eight sites. The degree of
contamination ranged from 103 to 108 CFU/g. Compost facilities
appear to comprise an important reservoir for Legionellae.
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Legionellae are Gram-negative bacteria that may cause Legion-
naires’ disease, a pulmonary infection in humans, after inhala-
tion of contaminated aerosols. The principal reservoir of
these microorganisms is water. In Switzerland, the origin of
the infection is often unidentiﬁed. The hot water systems
or cooling towers, considered to be the main source of
infection, cannot always be identiﬁed. Alternative ecosystems
that could act as a reservoir for Legionella spp. have been
investigated to identify unconventional substrates producing
contaminated bioaerosols, yet few data exist on the presence
of Legionellae outside the aquatic environment. In Australia,
Legionella spp. have been isolated from potting mixes [1,2]. In
the Netherlands, a genotypically indistinguishable strain of
Legionella longbeachae was cultured from the sputum of a
patient and potting soil samples from the patient’s garden
[3]. Recently, Legionella strains were detected in 46% of the
commercial potting soils collected in Switzerland during the
gardening seasons 2006 and 2007 [4]. Some of these Legionella-
positive potting soils contained compost produced from
green waste recycling. In the literature, little information is
available concerning the contamination of composted vegeta-
ble and plant material by Legionellae [5] before and during
the composting procedures. However, passive and active
release of bioaerosols may occur during green waste compo-
sting [6]. In the composting chain, large amounts of green
waste are piled and, after some weeks, are ground to form a
new pile. Periodically, the piles are mixed and moved to the
next position. The product of the composting chain (com-
post), after a period of 1–2 years, is supplemented with soil
and ground stones and eventually is distributed and used.
In the present study, we investigated eight green waste
collection sites, including three compost facilities (private
manufacturers, sites 1–3) and ﬁve gardening waste collection
centres (community centres) (Table 1). Of these, three were
short-term centres (sites 4–6, with green waste kept on the
site for a maximum of 3 months) and two long-term centres
(sites 7–8, with no structured management of the green
waste). In each centre, the gardening waste material (fresh
green material), including grass, branches and leaves, is col-
lected and, in accordance with the function of the centre,
introduced into the composting chain (compost facilities) or
stored without any processing for a short or long period
(natural decomposition process). All sites are located in the
Canton Ticino (southern part of Switzerland). The three
compost facilities collect green waste from three distinct
regions representatively distributed over the territory.
A total of 31 samples were collected between May and
October 2008. Samples were taken in each centre from
fresh material, in the three compost facilities from different
piles and in the two long-term gardening waste collection
centres from the decomposing pile. In the interpretation of
the results, we considered all samples to have been col-
lected, in each centre, at a single collection point.
Culture analysis, quantiﬁcation and strain identiﬁcation
were performed in accordance with the methods described
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by Casati et al. (2009). The modiﬁed Wadowsky-Yee (MWY,
Oxoid, Basel, Switzerland and the glycine-vancomycin-poly-
myxin B-cycloheximide (GVPC, bioMe´rieux, Geneva, Switzer-
land) media were modiﬁed by adding propiconazol at a ﬁnal
concentration of 5 · 10)4 mg/mL (Sigma-Aldrich, Basel, Swit-
zerland), a fungicide that inhibits the growth of moulds pres-
ent in the compost.
Legionella isolates were recovered at six (75%) out of the
eight green waste collection points analyzed. Positive results
were obtained at the three compost facilities and the two
green waste collection centres (long-term storing). By con-
trast, Legionellae appeared to be absent (or not detectable by
culture) from two out of the three green waste collection
centres with a short-term storing system of the fresh green
material. In addition, we observed that all fresh green waste
samples collected at seven sites (87.5%) were negative for
Legionellae by culture (data not shown). The compost (ﬁnal
product of the composting chain) was always positive in the
three facilities (data not shown). The degree of contamina-
tion at the positive centres ranged from 103 to 108 CFU/g.
Legionella pneumophila serogroups (sg) 2–15 were isolated in
ﬁve centres (62.5%), L. pneumophila sg 1 in four centres
(50%), Legionella bozemanii in three centres (37.5%), Legionella
micdadei and Legionella oakridgensis in two centres (25%) and
Legionella jamestowniensis and Legionella cincinnatiensis in one
centre each (12.5%). All identiﬁed species with the exception
of L. jamestowniensis are considered pathogenic for humans.
The present study demonstrates that Legionella spp. are
present in the composting chain regulated by a structured
management (cycle of 1–2 years) or when the green waste
material is stored over long periods (i.e. years) without an
appropriate composting plan. By contrast, fresh green waste
appears to be free of Legionellae; in only one site did we iso-
late Legionellae (Table 1, site 6). This result should be con-
ﬁrmed by co-culture enrichment. Further studies are needed
to understand the origin of Legionellae in the composting
chain. We suggest that contamination of the compost piles
could be brought about by wind or rain.
The three compost facilities collect the green waste from
a wide area around each centre and, more importantly,
redistribute the recycled compost (e.g. to gardeners and
farmers and, sold in bags, to private users). It will be inter-
esting to monitor the fate of this soil from the producer
to the end consumer to understand whether or not trans-
mission of Legionellae from contaminated compost to
humans is possible. For the time being, in Switzerland, the
link between compost contamination and cases of Legion-
naires’ disease has not yet been established. Nevertheless,
Legionella spp. could be isolated by co-culture from aerosols
sampled within the composting facilities (L. Conza, unpub-
lished results).
In conclusion, compost facilities appear to comprise res-
ervoirs of Legionellae. Therefore, also in Europe, sources of
infection other than the aquatic environment have to be
considered and other ecosystems such as the composting
chain, the soil products derived from them, and commercial
potting soils [4] could play an important role in the trans-
mission of Legionellae. Although the importance for human
health of the presence of Legionella spp. in compost is
unknown and a risk assessment has yet to be made, bio-
aerosols produced from these products should not be
underestimated.
TABLE 1. Presence and quantiﬁca-
tion of Legionella spp. in the eight
green waste collection sites: three
compost facilities (1–3) and ﬁve
gardening waste collection centres
[three short-term storing (4–6) and
two long-term storing centres (7–
8)]
Green waste systems Centre Legionella spp. isolated
Legionella spp.
quantiﬁcation (CFU/g)
Compost facility 1 Lp1 112 000
Lp2–15 (Lp3, Lp4, Lp5, Lp6,
Lp9, Lp10)
777 000
Legionella bozemanii 42 000
Legionella jamestowniensis 1 300
Legionella micdadei 7 000
2 Lp1 15 000
Lp2–15 (Lp3, Lp4, Lp5, Lp6, Lp10) 1 470 000
Legionella oakridgensis 42 000
Legionella micdadei 1 300
3 Lp1 39 000
Lp2-15 104 000
Legionella bozemanii 156 000
Gardening waste collection centre:
short-term storing
4 – –
5 – –
6 Legionella cincinnatiensis 13 000
Green waste collection centre:
long-term storing
7 Lp2-15 (Lp3, Lp6, Lp10) 350 000
Legionella bozemanii 700 000 000
8 Lp1 3 900
Lp2–15 (Lp10, Lp12) 2 800 000
Legionella oakridgensis 7 000
Lp, Legionella pneumophila; Lp1, Legionella pneumophila serogroup 1; Lp2–15, Legionella pneumophila serogroups 2–15.
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